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vacuum fluctuations. If the difference be- 
tween the two measurements is less than the 
vacuum fluctuations, the first measurement 
has exceeded the standard auantum limit. 

In one set of efforts to be'at this standard, 
ex~erimenters have tried to extract informa- 
tidn about a light pulse (the signal) by play- 
ing another pulse (the meter) off it. The ra- 
tionale for this strategy is that when the two 
light pulses interact in a so-called nonlinear 
medium, the meter beam can pick up infor- 
mation about the intensity of the signal, ap- 
parently without affecting it. The interac- 
tion leaves its mark on the signal only by 
altering its phase. That tradeoff seemed to 
open the way to a measurement that would 
exceed the quantum limit, because all of the 
back action would be funneled into the 
signal's phase. 

The first demonstration of this measure- 
ment ~ r i n c i ~ l e  came in 1986. when Mark 
~ e v e r k n  A d  his colleagues at IBM passed 
two laser beams of different wavelengths 
through an optical fiber that had an appro- 
priate nonlinear property: A signal propagat- 
ing down the fiber would alter its index of 
refraction by an amount that depended on 
the signal's intensity. That change in refrac- 
tive index alters the speed of light in the 
medium, which in turn shifts the phase, or 
timing, of a meter beam passing through the 
fiber at the same time. By separating and 
analyzing the two beams after they emerged 
from the fiber. Levenson and his colleaeues 
were able to show that variations in theim- 
plitude of the signal showed up faithfully as 
variations in the phase of the meter. 

Not faithfully enough, however: Leven- 
son's experiment proved that such a mea- 
surement of signal beam by a meter beam was 
possible, but the correlation between signal 
and meter failed to transcend the standard 
quantum limit. It did, however, inspire 
Grangier and his colleagues to make their 
own bid for a back-action-evading measure- 
ment. "My idea," he says, "was to use some- 
thine much more nonlinear than Levenson's - 
fiber, so instead 1 used atomic vapor--so- 
dium atoms-in a vacuum chamber." When 
Grangier and his colleagues fired a signal 
and a meter beam into this livelier medium, 
as they reported last year in Physical Review 
Letters, the measurement of signal amplitude 
matched the signal itself with a precision 
greater than the quantum limit. 

But out there at the quantum limit 
Grangier isn't alone. Two other groups have 
pursued related strategies to exploit the loop- 
holes in Heisenberg's legalese. One set of 
experiments, reported by Kimble and his col- 
leagues Silvania Pereira and Z.Y. O u  this past 
January in Physical Review Letters, achieved 
an even closer match between meter and 
signal by using a scheme in which signal and 
meter are two different components of the 
same beam. Meanwhile, Yoshihisa Yamamo- 

to of Stanford and Stephen Friberg of the 
NTT Basic Research Laboratories in Japan 
have been developing a technique for ex- 
ceeding the quantum limit that, while less 
successful so far than Grangier's or Kimble's 
setup, could be more versatile. 

Shifty solitons. Yamamoto and Friberg 
showed that the exotic nonlinear materials 
and laser pulses Grangier and Kimble used 
can be replaced by a single optical fiber carry- 
ing a kind of signal called a soliton, which is 
widely used for communications. Solitons, 
solitary waves that will not disperse because 
of the properties of the medium, interact in 
the same way as do laser pulses in a strongly 
nonlinear medium: When they collide, the 

tion of QND. And because the setup would 
use the same basic elements as standard fiber- 
optics communications, it might be readily 
tumed to technological purposes. 

But even before that vision of colliding 
solitons is realized, its technological appeal 
could be stolen by a scheme that achieves the 
same end-re~eated measurements of the 
same signal-by taking precisely the oppo- 
site approach. Instead of striving to measure 
a signal without disturbing it, this scheme- 
described last September in Physical Review 
Letters by Grangier's group and, independent- 
ly, by a collaboration from the Royal Institute 
of Technology in Swedendestroys the sig- 
nal completely in the process of measure- 

ment, then recreates a relatively 
faithful replica of the measured 
signal and sends it on its way. 

Instead of probing the signal 
with another light wave, exper- 
iments based on this philosophy 
rely on high-efficiency detec- 
tors. By converting the ampli- 
tude of an optical beam into 
an electrical current, these de- 
tectors destroy the beam and 
all informatior; about its phase. 
That's exactly what opens the 
way to an intensity measure- 
ment surpassing the quantum 

When solitons collide. A computer simulation shows the limit, says Bjbrk, a number of 
phase shift (red to green) in the meter soliton. the Swedish collaboration. 

"You gain all the information " 
intensity of one-the number of photons in there is in the photon number," says Bjork, 
it-alters the ~hase  of the other. "and what vou have to trade off is to have 

As a result', ~akamoto  and Friberg con- 
ceived the strategy of sending a signal soliton 
down the fiber, followed by a meter soliton at 
a different wavelength that would propagate 
faster in the fiber, overtake the original sig- 
nal, and "measure" it. The phase shift of the 
meter soliton should reveal the intensity of 
the signal soliton, while the signal should 
come out of the interaction with nothing 
altered except its phase. The strategy proved 
to have technical problems that kept it from 
exceeding the standard quantum limit. But 
because of its simplicity, it did manage to 
excite the quantum optics community, says 
Kimble. "If it had worked to [the quantum] 
level," he says, "everyone would be doing it 
now. It is clearly a technique with an excit- 
ing future." 

In particular, says Gunnar Bjork of Stan- 
ford, one could imagine harnessing solitons 
to make multiple back-action evading mea- 
surements of a single signal. "You could 
launch several probe solitons [down the same 
fiber]. They would all travel at the same 
speed, but faster than the signal. They would, 
one by one, overtake the signal and measure 
the photon number of the same pulse." Pro- 
viding all of the meter solitons came up with 
the same value for photon number, that ex- 
periment would provide a formal demonstra- 

total back a'ction on the phase." 
The current can then be fed into efficient 

light-emitting diodes. The result is a resur- 
rected beam that, at least in principle, says 
Goobar, another member of the Swedish 
team, "is an exact copy of the incoming 
beam," except for a difference in phase. The 
main barrier to developing this scheme into 
a workable "quantum repeater" technology 
is inefficiency in the light-emitting diodes, 
says Bjork. Even so, Grangier thinks that if 
the goal is to get information out of a beam 
repeatedly without degrading the signal to 
the point of losing it, this total demolition 
method may be the best bet yet (also see 
Yamamoto's Perspective on p. 1394). 

To researchers intent on a more funda- 
mental goal-proving the principle of QND 
-a good imitation is not enough, however. 
The signal beam has to remain sacrosanct 
no matter how many times it is probed. Kim- 
ble likes to quote a 1980 Reviews of Modem 
Physics article written by Braginsky, Thome, 
and Carleton Caves of the University ofNew 
Mexico: "The key feature of such a nondem- 
olition measurement is repeatability-once 
is not enough!" Agrees Grangier, "It would 
certainlv be better to do it twice." But so far. 
he adds, "it was not so easy to do it once." 

-Gary Taubes 
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